as heart muscle disease of known etiology or associated with disorders of other systems, was excluded.
Control Selection
Controls, who were matched on 5-year age intervals and sex for each case, were selected from outpatients of the same hospital. The age of each control was matched to that of a case at the time of diagnosis. Outpatients diagnosed with other types of cardiomyopathy, myocarditis, ischemic heart diseases, heart failure, valvular heart diseases, hypertensive heart diseases, congenital heart disease and severe arrhythmia were not selected as controls. Patients displaying essential hypertension, hyperlipidemia and mild arrhythmia were not excluded from control selection.
Questionnaire Survey
A self-administered questionnaire survey was provided to all cases and controls. A physician at each hospital explained the purpose of the study and verbal informed consent was obtained from each participant. The questionnaire included 37 questions regarding lifestyle (mainly related to drinking and active and passive smoking), occupation, education, living environment and past history.
Cases were asked about these items prior to diagnosis; controls were asked about them immediately prior to the survey. Cases and controls were asked about the past occupation in which they were involved for the longest period: the questions included physical intensity, shift work, stress, and the chemical and physical environment. Questions regarding past history included 29 infectious diseases and infection-related diseases. Having a past history of 1 or more of measles, mumps, rubella, and varicella was categorized as a past history of any viral infection, whereas a past history of 1 or more of pneumonia, paranasal sinusitis, cystitis, pyelonephritis, cholecystitis, appendicitis, and repeated tonsillitis was categorized as a past history of any bacterial infection. Having a past history of 1 or more of chronic gastritis, gastric ulcer, and duodenal ulcer was categorized as a past history of gastroduodenal disease. Height and previous maximum weight were used to calculate previous maximum body mass index (BMI, kg/m 2 ). Men less than 160 cm in height and women less than 145 cm in height were categorized as being short. Subjects who had difficulty with reading or writing were interviewed by a physician, a nurse, or their family.
Exclusions
Of the 175 pairs of cases and controls, 40 pairs were excluded for the following reasons: cases were initially diagnosed more than 3 years prior to the survey (13 pairs); cases were pregnant less than 6 months before diagnosis (2 pairs); age difference of case and control exceeded 5 years (5 pairs); controls had ischemic heart disease (4 pairs); controls were selected from paramedical staff associated with each hospital (16 pairs). Thus, this report is based on 135 pairs of cases and controls. 
Statistical Analysis
Cases and their matched controls were initially compared by obtaining unmatched estimates of odds ratios (OR). Approximate 95% confidence intervals (CI) were determined with Woolf's method. 20 Multivariate analysis with conditional logistic regression methods was used to determine adjusted OR and assess statistical significance. 20, 21 Statistical analyses were performed with the Statistical Analysis System (SAS Institute Inc, Cary, NC, USA).
Results
The age range of the cases at the time of diagnosis was 19-84 years (mean, 57.6 years) and that of the controls at the time of the survey was 17-84 years (mean, 56.3 years). Of the 135 pairs, 98 (73%) were men and 37 (27%) were women. The clinical diagnoses of the controls were: hypertension (55), hyperlipidemia (9), gastroduodenal ulcer (8), gastritis (8) , diabetes mellitus (7) , common cold (7) , mild arrhythmia (7) , liver disease (7) and others (27) .
Crude OR for IDC with respect to basic characteristics, including anthropometric indices, education and lifestyle, and occupational factors, are presented in Table 1 . Previous obesity and shorter height did not exhibit a significant association. Fewer years (less than 10 years) of education demonstrated a significantly higher OR. An association with smoking 20 or more cigarettes per day was of borderline significance; however, a significant increase in OR was observed with passive smoking in the workplace. In terms of occupational factors, physical intensity did not increase the risk; however, a hot and/or cold workplace environment significantly related to the risk of IDC. Other occupational factors (eg, type of occupation, exposure to vibration, noise and dust) did not have a significant relationship (data not shown). Significantly higher OR were found for subjects reporting chronic overnight fatigue and sleep disturbance because of fatigue; however, feelings related to job stress showed no relationship. Living environment, whether natural (sea, forest etc) or artificial (traffic, factory, farmland, house etc), was also surveyed, but no significant relationship was observed (data not shown).
Crude OR based on past histories of infectious and other diseases are shown in Table 2 . A positive association with a history of measles was of borderline significance, whereas a significant inverse association was observed with history of rubella. A significantly high OR was apparent with a past history of any bacterial infection, but a positive association with common colds 2 or more times per year was of borderline significance. Significant inverse associations were detected for a past history of chronic gastritis and duodenal ulcer, and with a past history of 1 or more of these 3 gastroduodenal diseases. A history of bronchial asthma failed to display a significant association. For the factors displaying significant relationships in the univariate analyses, independent relationships adjusted for one another were determined using conditional logistic regression (Table 3 ). Model 1 included 7 covariates, which revealed significant relationships based on univariate analyses; 'cold or hot workplace' was included in the model because of the strong correlation between 'cold workplace' and 'hot workplace' (r=0.61); 'chronic overnight fatigue', which correlated with 'sleep disturbance because of fatigue' (r=0.44), was not included. In model 1, a positive association with 'sleep disturbance because of fatigue' remained significant and inverse associations with past histories of rubella and gastroduodenal diseases remained significant. Education and a cold or hot workplace were of borderline significance; additionally, passive smoking in the workplace was no longer associated. Because of the possibility that sleep disturbance attributable to fatigue is a symptom caused by the development of IDC, this covariate was excluded in model 2. In model 2, education and a hot or cold workplace exhibited significant positive associations, whereas a past history of any bacterial infection was of borderline significance.
Because a past history of measles showed borderline significance in the univariate analysis, it was incorporated into model 3, where it displayed a tendency toward positive correlation. Following the removal of 2 covariates that demonstrated weaker relationships (passive smoking in the workplace and any bacterial infection), the relationship of a past history of measles gained strength and significance (model 4).
Discussion
The results from the present multi-hospital case-control study regarding the development of IDC in Japan suggest the importance of several environmental factors, mainly occupational and microbiological factors, in terms of increased or decreased risk of the disease; these factors have not been fully investigated. Among the occupational factors, a cold or hot workplace appeared to increase the risk and among the infectious factors, a history of rubella appeared to exert a protective effect, whereas measles and bacterial infection possibly increased the risk. Moreover, a history of gastroduodenal diseases was suggested to exert a protective effect.
Several previous epidemiological investigations have demonstrated a relationship between risk of IDC and lower socioeconomic status, such as lower income and less education; 4,5,9 however, the etiology of this association remains unclear. In the present study also, lower education level was related to risk; furthermore, the relationship was independent of occupational, infectious and other aspects of the living environment that might coexist with a lower socioeconomic status. The results suggest that the relation between IDC and lower socioeconomic status is attributable to other factors not examined in this study (eg, nutritional factors, psychological factors, etc) and additional investigations are necessary.
Epidemiological studies have repeatedly shown that smoking increases the IDC risk. [6] [7] [8] 17 Although the present study found that daily cigarette smoking tended to increase the risk, the relationship diminished following adjustment for education and other factors (data not shown). A positive relationship was also observed with respect to passive smoking in the workplace, but this correlation disappeared after multivariate adjustment. One possible mechanism of this association is related to damage to the small coronary arteries; 7 therefore, the association might be weaker in Japan, where coronary heart disease is less common than in Western counties. In the present study, IDC risk was not significantly associated with a history of bronchial asthma, despite documentation of a relationship with asthma in studies conducted in the United States. 4, 9, 10 As one explanation for the association has been the use of -agonists for the treatment of asthma, 10 the discrepancy might relate to differences in the use of these drugs among countries.
To the best of our knowledge, few investigations have examined the relationship between IDC risk and occupational factors. Interestingly, in the present study, both hot and cold temperature in the workplace displayed a positive correlation to risk in a manner independent of other factors; other physical and chemical occupational factors and types of occupation were not related. It is possible that greater and frequent temperature change relates to IDC development through activation of the sympathetic nervous system, a mechanism that has been suggested as one form of pathogenesis. 1, 22 It is not clear that exposure to cold or hot temperature causes the disease; however, this factor, at the very least, may accelerate the development of the disease. Because the validity of the questionnaire on temperature in workplace could be relatively low, further investigations, both experimental and epidemiological, are required.
It is believed that IDC is a sequel of viral myocarditis in some patients, especially with respect to Coxsackie virus B. 1, 14, 23 Other infectious agents are suspected causative factors of IDC (ie, cytomegalovirus, human immunodeficiency virus, hepatitis C virus and some bacteria); 1, 15 however, these hypotheses remain controversial. In our previous case -control study in Japanese, susceptibility to the common cold or diarrhea increased the risk, which suggested some viral or bacterial infections as risk factors. 17 The present investigation examined the subjects' histories of relatively common infectious diseases and having a history of measles and bacterial infectious diseases indicated increased risk. More interestingly, the data suggested that a history of rubella was associated with decreased risk independently of other factors, including education. There are case reports regarding myocarditis and pericarditis associated with rubella, 24, 25 but the reason for this inverse relationship between IDC and rubella is unclear. In contrast, documentation of cardiomyopathy or myocarditis associated with measles is scarce, 26 and the long-term effects of measles infection on the heart have not been examined; thus, additional investigation of the effects of these viruses is necessary, particularly case -control studies using serological examinations to determine past infection.
An inverse association between IDC risk and gastroduodenal diseases (ie, chronic gastritis, gastric and duodenal ulcer) has not been reported previously. A direct mechanism involving protection against IDC by gastroduodenal diseases is difficult to theorize; the association might be mediated by the factors that cause peptic ulcer or gastritis. Previous reports suggest that the risk factors for peptic ulcer are Helicobacter pylori infection, use of non-steroidal anti-inflammatory drugs, tobacco smoking, stress, use of minor tranquilizers and low levels of physical activity. 27, 28 It is possible that some of these factors relate to IDC risk. However, this inverse correlation might be somewhat overestimated as some of the hospital controls sought medical advice in reference to gastroduodenal disease. Studies employing controls derived from a general population are necessary.
A major strength of the present study is that both cases and controls were obtained from many hospitals throughout Japan. To examine the varying environmental factors in terms of relation to the disease, a study in a single hospital or in a small area would be inadequate because the examined factors would tend toward uniformity in such a small sample. We surveyed many factors pertaining to infections, and the occupational and living environments across a broad area of Japan. Moreover, although collection of hospital controls tends to be biased in case -control studies, this bias would be smaller in the present investigation because of the control collection from many hospitals by many physicians. However, limitations remain when using hospital controls. For example, the physicians are cardiologists and a large number of controls had hypertension. Therefore, the risk of some environmental factors that also relate to hypertension could be underestimated. Also, selection bias in using hospital controls might overestimate the relationship of lower education, gastroduodenal diseases, and some other infectious and occupational factors, because people who agreed to participate as hospital controls might belong to a somewhat higher social class.
In conclusion, the results of this multi-hospital casecontrol study in Japan suggest that a cold or hot workplace and, possibly, measles infection increase the IDC risk, in addition to a lower education level. Moreover, rubella infection and a history of gastroduodenal disease are related to a lower IDC risk. Additional investigations are essential in order to establish the mechanisms governing these relationships.
